Title 6-alkyl-, 6-aryl-and 6-hetaryl-7-deazapurine ribonucleosides previously known as nanomolar cytostatics were found to be potent inhibitors of either human or mycobacterial (MTB) adenosine kinase (ADK). Several new derivatives bearing bulky substituents at position 6 were non-cytotoxic but selectively inhibited MTB ADK. However, most of the nucleosides (ADK inhibitors) as well as their octadecylphosphate prodrugs were inactive in the whole cell assay of inhibition of Mycobacterium bovis growth. 6-Methyl-7-deazapurine ribonucleoside was found to be a potent antimycobacterial agent.
Introduction
Modied purine nucleoside derivatives and analogs display a wide range of biological activities. Their antiviral 1 and antitumor 2 properties are particularly important and used in clinical therapeutics. However, purine derivatives 3 and nucleosides 4 also are potent antimycobacterial agents, i.e. for treatment of Mycobacterium tuberculosis (MTB). Out of the variety of possible target enzymes from the purine salvage pathway in MTB, 5 adenosine kinase (ADK) 6 is considered as a promising target for drug development since it is structurally very different from the human ADK. 7 Recently, we have discovered 6-hetaryl-7-deazapurine ribonucleosides 1-3 with nanomolar cytostatic activities towards a wide panel of leukemia and cancer cell-lines. 8 Their cycloSalphosphate 9 and phosphoramidate prodrugs 10 were less active due to increased efflux from the cells. However, cycloSal-phosphates were also found 9 to be potent inhibitors of human and moderate inhibitors of MTB ADKs. Since also other 7-deazapurine nucleosides are known as inhibitors of ADKs, 11 we have revisited the whole class of 7-deazapurine nucleosides with diverse aryl and hetaryl groups at position 6 and systematically studied their activity toward human and MTB ADKs.
Results and discussion
The synthesis of a series of nineteen 6-alkyl, 6-aryl-and 6-hetaryl-7-deazapurine ribonucleosides 1b-t, nine 7-uoro derivatives 2e, j-m, o-r and six 7-chloro derivatives 3e, g, j-m has been reported earlier, 8 as well as the 6-methyl derivative 1a (ref. 12) (Chart 1). Most of these derivatives exhibited strong cytostatic or cytotoxic activities.
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In order to get less cytotoxic derivatives, we have extended the series by synthesis of other six derivatives bearing bulky (het)aryl groups at position 6 (Scheme 1). The dibenzofuryl and benzofuryl derivatives 1u and v were prepared by the Suzuki coupling of isopropylidene-protected nucleoside 4 followed by deprotection. The other derivatives 1w-z were synthesized by direct aqueous Suzuki coupling of 6-chloro-7-deazapurine ribonucleoside with the corresponding hetarylboronic acid in the presence of Pd(OAc) 2 , triphenylphosphine-3,3 0 ,3 00 -trisulfonate (TPPTS) and Na 2 CO 3 . In the case of indole derivative 1x, the coupling was performed with the Boc-protected indole-2-boronic acid and the TFA treatment was used for deprotection. In all cases, the products were obtained in good 71-85% yields.
A synthetic path to 6-(het)aryl-7-deazapurine ribonucleoside-5 0 -octadecylphosphates, as potential lipophilic phosphate prodrugs, was developed starting from isopropylidene-protected ribonucleoside 4. An octadecylphosphate group was attached by reaction with octadecylphosphate in the presence of 2,4,6-trimethylbenzene-1-sulphonyl chloride (MtsCl) in pyridine. Nucleoside-5 0 -octadecylphosphate 7 was obtained in 58% yield.
Deprotection by treatment with 90% aqueous TFA provided free aryl-7-deazapurine ribonucleoside-5 0 -octadecylphosphates 9e, j-m and v were obtained in 62-85% yields (Scheme 2). All the title nucleosides 1a-z, 2e, j-m, o-r, 3e, g, j-m and nucleotides 9e, j-m, v were tested for the inhibition of human and MTB ADKs (for cloning expression and purication of these enzymes, see ref. 9 ) and most of them also for substrate activity to the kinases, i.e. for phosphorylation. The results were correlated with their in vitro cytotoxicity (MTT) against nonmalignant BJ and MRC-5 human broblast cell lines. The cytotoxicity strongly depended on the bulkiness of the substituent at position 6. Most active were derivatives bearing ve-membered heterocycles, whereas derivatives bearing bulky aryl groups were generally not cytotoxic, which was consistent with previously published 8 cytostatic and cytotoxic activities on leukemia and solid tumor cell lines. Most of the nucleosides did not show signicant inhibition to human ADK with the exception of bulky derivatives 1u-z, which showed inhibition with micromolar IC 50 values. On the other hand, most of the nucleosides were moderate to good substrates for the human ADK and were readily phosphorylated to nucleoside 5 0 -Omonophosphates, which is a necessary step in their activation for eventual inhibition of RNA synthesis in their cytostatic or cytotoxic effect. 8 On the other hand, none of the compounds was found to be a substrate for MTB ADK and most compounds efficiently inhibited this enzyme. While the alkyl-substituted derivatives 1a-d were weak inhibitors of MTB ADK, all the arylChart 1 Structures of previously known nucleosides 1a-t.
Scheme 1 Synthesis of nucleosides 1u-z.
a N-Boc-protected indole-2-boronic acid was used and the Boc was cleaved off by 90% TFA at rt; the yield is given over two steps. and hetaryl-substituted 7-deazapurine ribonucleosides (1e-z), including 7-uoro-(2) and 7-chloro-derivatives (3) were strong inhibitors of this enzyme with submicromolar to low nanomolar IC 50 values. Most of the derivatives bearing phenyl and ve-membered hetaryl groups at position 6 (1e-i, k-t, 2e, k, m-r and 3e, g, m) were selective inhibitors of the MTB ADK and did not signicantly inhibit the human enzyme (but were strongly cytotoxic). 6-Furyl derivatives 1j and 2j and the thienyl derivative 2l were less selective, inhibited both enzymes and were cytotoxic. The derivatives bearing bulky aryl groups 1u-z inhibited the MTB ADK in low nanomolar concentrations while the inhibition of human enzyme was observed at micromolar concentrations, and so the selectivity index was 2-3 orders of magnitude. These bulky derivatives were not cytotoxic. The octadecylphosphate prodrugs 9 were moderate inhibitors of the human ADK and inactive against MTB enzyme. All the derivatives were also tested for in vivo inhibition of Mycobacterium bovis growth (Table 1) . From all tested nucleosides only compound 1a displayed very signicant antimycobacterial activity (IC 50 ¼ 0.3 mM) but showed the highest cytotoxicity. This derivative, however, only weakly inhibited in vitro MTB ADK (IC 50 ¼ 8.8 mM) which may indicate that the mode of antimycobacterial activity of this compound is independent of MTB ADK and rather suggests a more general cytotoxic mechanism. Two 6-(imidazolyl)deazapurine nucleosides 1r and 2r exerted moderate antimycobacterial activity (IC 50 ¼ 15.6 and 11.7 mM, respectively) accompanied by preferential inhibition of MTB ADK and low cytotoxicity, whereas all other nucleosides were virtually inactive. The octadecylphosphate prodrugs 9e, j-m and v, which were designed as lipophilic derivatives with increased penetration through the mycobacterial cell wall, did not show any antimycobacterial activity either.
Conclusions
It can be concluded that the 6-(het)aryl-7-deazapurine ribonucleosides are strong and mostly selective inhibitors of MTB ADK but not the human ADK. Nonetheless, they showed only limited potential to inhibit growth of mycobacteria. One reason could be their poor penetration through the mycobacterial cell wall. Alternatively, the mycobacterial ADK may not be a suitable target for therapy since AMP also can be biosynthesized by the salvage pathway from adenine utilizing adenine phosphoribosyl transferase or by a reaction sequence from IMP. 
